Introduction
============

Deficiency anemia is a significant public health problem that occurs worldwide in both developed and developing countries. In 1980, the World Health Organization (WHO) estimated that 700 million people worldwide suffered from anemia and more than two billion people worldwide have been affected by it. Approximately 50% of anemia cases are caused by iron deficiency.^([@R1])^ In the Americans, the rate of anemia is especially high among children, with a prevalence of 50% in Mexico and between 45% to 70% in different regions of the Ecuador.^([@R2],[@R3])^ In Brazil, population-based studies conducted in several regions of the country have shown that the prevalence of anemia varies between 30% and 60%.^([@R4],[@R5])^ Batista & Migliolo found that approximately 45% of under 5-year-old children in Brazil were anemic.^([@R6])^

Most anemia cases develop gradually and progressively and are due to iron deficiency. In early childhood, bad feeding habits, especially during the weaning period, exacerbate the problem. Anemia frequently develops as breast milk is replaced by foods that are poor in iron and other nutrients, including vitamin B12 and folic acid.^([@R7],[@R8])^ Low oxygenation of brain tissues, a consequence of anemia, may lead to impaired cognitive function, growth and psychomotor development, especially in children.^([@R9])^ Infants, under 5-year-old children and pregnant women have greater susceptibility to anemia because of their increased iron requirements due to rapid body growth and expansion of red blood cells.^([@R10])^

Anemia is associated with socioeconomic, biological, environmental and nutritional factors. In Brazil, population-based information is available on anemia in under 5-yearold children; however, data on this problem and associated factors in hospitalized children are scarce. Thus, this study aimed to estimate the prevalence of anemia and its relationship with biological and pathological factors in under 5-year-old children who were admitted to a public children\'s hospital in Recife.

Methods
=======

This is a cross-sectional study conducted at the Hospital Pediátrico Helena Moura. This hospital is located in the city of Recife and treats medium complexity cases of children up to 15 years old. The hospital has 50 beds, of which 74.4% are occupied by residents of Recife. The other patients come from nearby municipalities (Olinda, Jaboatão, Camaragibe, Abreu and Lima). The charts of every child aged between 6 months and 5 years old who had been hospitalized between January and December 2007 and who had performed at least one blood test were analyzed. In total, 790 charts were analyzed and 595 patients were included in the study. Charts were excluded due to the absence of important data or when the patient was readmitted. Data pertaining to gender, age, weight, serum hemoglobin levels and the diagnosis that led to admission were collected.

Patients were categorized by age as follows: 6 - 11 months, 12 - 23 months, 24 - 35 months and ≥ 36 months.

Routine procedures of the hospital were followed to measure hemoglobin with levels being determined using an ABX apparatus. Most patients only had one complete blood count (CBC), but for those with multiple CBC, only the first test was taken into account. The WHO criterion (hemoglobin \< 11 g/dL) was used to diagnose anemia.^([@R1])^ To categorize the degree of anemia, the following cut-off points were used: 10.0-10.9 g/dL - mild anemia; 7.0-9.9 g/dL - moderate anemia; \< 7 g/dL - severe anemia.

A weight-for-age indicator was used to evaluate nutritional status. Weight was measured according to the routine procedures of the hospital. To analyze this variable, the z-score was used, with classification based on WHO standards: very underweight for age (z-score \< -3); underweight for age (z-score ≥ -3 and \< -2); adequate weight (z-score ≥ -2 and \< +2) and overweight for age (z-score ≥ +2).^([@R11])^

Pearson\'s chi-square test and linear regression were used to investigate the relationship between variables adopting an alpha value of 5% to reject the null hypothesis. The Marascuilo procedure was used to compare proportions between groups. Multivariate analysis was performed using Poisson regression for variables that had a significance level \< 0.20 in the bivariate analysis. Statistical software was used to calculate nutritional status. Data were obtained using a secondary database, thus ensuring the privacy of the children included in the study. All children benefited from appropriate treatment for their condition during hospitalization. The study was approved by the Research Ethics Committee of the Instituto de Medicina Integral Professor Fernando Figueira (IMIP).

Results
=======

Characterization of hospitalized children
-----------------------------------------

This study included 595 children, whose characteristics are described in [Table 1](#T1){ref-type="table"}. The group was comprised of 54.3% boys and 45.7% girls. The predominant age group was between 12 and 24 months (31.3%). The majority of children were well-nourished (85.7%) and 22.5% were hospitalized for five or more days. Gastrointestinal (43.9%) and respiratory (21.3%) diseases were the most frequent reasons for hospitalization.

###### 

Characterization of children admitted to the Hospital Helena Moura in 2007

  Variable                    n                        \%    
  --------------------------- ------------------------ ----- ------
  Gender                                                     
                              Male                     323   54.3
                              Female                   272   45.7
  Age (months)                                               
                              ≥ 6 and \< 12            134   22.5
                              ≥ 12 and \< 24           186   31.3
                              ≥ 24 and \< 36           126   21.2
                              ≥ 36                     149   25.0
  Nutritional status                                         
                              Malnourished             48    8.1
                              Well-nourished           510   85.7
                              Overweight/Obese         37    6.2
  Length of hospitalization                                  
                              Up to 1 day              116   19.5
                              2 days                   148   24.9
                              3 days                   115   19.3
                              4 days                   82    13.8
                              ≥ 5 days                 134   22.5
  Diagnosis                                                  
                              Gastroenteritis          261   43.9
                              Respiratory infections   127   21.3
                              Asthma                   91    15.3
                              Other diseases           116   19.5

Prevalence of anemia and associated factors
-------------------------------------------

The results of the chi-square test for trend indicated that the proportion of anemic cases decreased with age, varying from 70.9% in children between 6 and 12 months to 36.2% in children 36 months and older ([Table 2](#T2){ref-type="table"}). These results were statistically significant (p-value = 0.001). There was no statistically significant difference in terms of gender (p-value = 0.403) with anemia affecting 55.4% of boys and 58.8% of girls. Anemia was significantly correlated with nutritional status (p-value = 0.012). When the Marascuilo procedure for multiple comparisons was applied, anemia was more prevalent among malnourished children than well-nourished children (p-value = 0.008). Comparisons between the remaining groups were not significant.

###### 

Prevalence of anemia according to age, gender, nutritional status, length of hospitalization and associated diseases in children admitted to the Hospital Pediátrico Helena Moura in 2007

                              Hemoglobin                                                 
  --------------------------- ------------------------ ---------- --------- ----- ------ ------------------------------------------------
  Variable                    \< 11g/dL                ≥ 11g/dL   p-value                
                                                                                         
                              n                        \%         n         \%           
                                                                                         
  Age (months)                                                                           
                              ≥ 6 and \< 12            95         70.9      39    29.1   \< 0.001[\*](#T2-fn1){ref-type="table-fn"}
                              ≥ 12 and \< 24           121        65.1      65    34.9    
                              ≥ 24 and \< 36           69         54.8      57    45.2    
                              ≥ 36                     54         36.2      95    63.8    
  Gender                                                                                 
                              Male                     179        55.4      144   44.6   0.403[\*\*](#T2-fn1){ref-type="table-fn"}
                              Female                   160        58.8      112   41.2    
  Nutritional status                                                                     
                              Malnourished             37         77.1      11    22.9   0.01[2\*\*](#T2-fn1){ref-type="table-fn"}
                              Well-nourished           280        54.9      230   45.1   0.008[\*\*\*](#T2-fn1){ref-type="table-fn"}
                              Overweight/Obese         22         59.5      15    40.5    
  Length of hospitalization                                                              
                              Up to 1 day              59         50.9      57    49.1   0.168[\*\*](#T2-fn1){ref-type="table-fn"}
                              2 days                   86         58.1      62    41.9    
                              3 days                   59         51.3      56    48.7    
                              4 days                   49         59.8      33    40.2    
                              ≥ 5 days                 86         64.2      48    35.8    
  Diagnosis                                                                              
                              Gastroenteritis          135        51.7      126   48.3   \< 0.001[\*\*](#T2-fn1){ref-type="table-fn"}
                              Respiratory infections   93         73.2      34    26.8   \< 0.001[\*\*\*](#T2-fn1){ref-type="table-fn"}
                              Asthma                   57         62.6      34    37.4    
                              Other diseases           54         46.5      62    53.5    

(\*) Chi-square test for trend; (\*\*) χ^2^ test; (\*\*\*) Marascuilo procedure

Anemia was more prevalent among children who were hospitalized for longer periods of time (64.2%) although this difference was not statistically significant (p-value = 0.168). In terms of diagnosis, the chi-square test indicated that there was a statistically significant association with the hemoglobin level (p-value \< 0.001). The Marascuilo procedure indicated a significantly higher proportion of anemia cases in children with respiratory infections compared to those with gastroenteritis (p-value \< 0.001) or other diseases (p-value \< 0.001).

Multivariate analysis showed that children between 6 and 12 months of age had a 2-fold higher risk of having anemia (Prevalence ratio - PR = 1.9; p-value \< 0.001). The risk of anemia increased by approximately 50% in children with respiratory infection (PR = 1.5; p-value \< 0.001) and by almost 40% in malnourished children (PR = 1.4; p-value \< 0.001). The length of hospitalization stay did not reach the level of statistical significance necessary for this variable to remain in the model. ([Table 3](#T3){ref-type="table"})

###### 

Prevalence analysis adjusted for anemia, according to age, nutritional status, length of hospitalization and associated diseases in children admitted to the Hospital Helena Moura in 2007

  Variable             Prevalence Ratio                             95% CI   p-value       
  -------------------- -------------------------------------------- -------- ------------- ------
  Age (months)         \< 0.001[\*](#T3-fn1){ref-type="table-fn"}                          
                       ≥ 6 and \< 12                                1.9      (1.5-2.5)         
                       ≥ 12 and \< 24                               1.7      (1.4-2.5)         
                       ≥ 24 and \< 36                               1.5      (1.2-2.0)         
                       ≥ 36                                         1.0      \-                
  Diagnosis            \< 0.001                                                            
                       Gastroenteritis                              1.1      (0.9- 1.4)        
                       Respiratory infections                       1.5      (1.2 - 1.9)       
                       Asthma                                       1.3      (1.0- 1.6)        
                       Other diseases                               1.0      \-                
  Nutritional status   \< 0.001                                                            
                       Malnourished                                 1.4      (1.2 - 1.6)       
                       Well-nourished                               1.0      \-                
                       Overweight/Obese                             0.9      (0.7- 1.2)        

\* Wald test for trend; CI = Confidence interval

Characterization of children in relation to hemoglobin levels
-------------------------------------------------------------

[Figure 1](#F1){ref-type="fig"} shows the distribution of hemoglobin levels. Overall, there was a 56.6% prevalence of anemia (95% CI: 46.6-54.6) and the average hemoglobin content was 10.5 g/dL ± 1.5 g/dL. Severe anemia was found in 1.8% (95% CI: 1.0-3.2) of children and the mildest form was found in 25.8% (95% CI: 22.4-29.4).

![Distribution of hemoglobin concentrations in children hospitalized in the Hospital Pediátrico Helena Moura in 2007](rbhh-33-100-g01){#F1}

Discussion
==========

Most studies on anemia are population-based; those conducted using a hospitalized population are scarce, which limits comparative analysis of results.

This study found a high prevalence of anemia, reflecting the magnitude of the disease among hospitalized children. Other studies in Recife have found similar results. Salzano reported the prevalence of anemia in 6 to 60-monthold children to be 55.1% in the Lessa de Andrade Health Center and 28.3% in Hospital Geral PAM, Areias.^([@R12])^ In 2005, Leal & Osório reported a high prevalence (89.1%) in a state healthcare clinic in Recife.^([@R13])^ Other reports analyzing state clinics in different regions of Brazil reported the prevalence in children to be 37.5% in Paraisópolis, São Paulo^([@R14])^ and 55.1% in Belém do Pará.^([@R15])^ For the state of Pernambuco, the III State Health and Nutrition Research found a prevalence of 33%.^([@R16])^

A high prevalence of anemia has also been reported in other Latin American countries. A population study conducted by Rivera, which focused on pre-school children in Cuba, reported a prevalence of 55.6%.^([@R17])^ Sanabria reported a prevalence of 52% in under 5-year-old children in a referral hospital in Paraguay.^([@R18])^ The prevalence of anemia found in this study, and in the abovementioned studies, was higher in specific population groups, indicating that the condition is influenced by socioeconomic status.

The prevalence of the problem in under 24-month-old children is likely to be a combined result of the increased iron requirements due to rapid growth, early weaning, low availability of foods rich in iron and dietary monotony. These factors are prevalent in this age group. Furthermore, unfavorable socioeconomic conditions impose living conditions that make children more vulnerable to diarrhea, respiratory infections and intestinal parasites, and may markedly compromise intake, absorption and biological utilization of iron. Neves,^([@R15])^ studying 6 to 24-month-old children in a State Health-School Service in Belém, Pará, found a prevalence of anemia of 55.1%.

The influence of gender on anemia shows conflicting results. This and other studies found no association between anemia and gender,^([@R19],[@R20])^ whereas other authors reported that anemia is more common in boys.^([@R8],[@R21])^ An association with boys may be due to the faster growth of pre-school boys compared to girls, which results in a high iron demand that cannot be met by diet alone. However, further studies are necessary to better understand this factor.

The population studied follows the current trend of reduced malnutrition (8.2%) and increased incidence of obesity (6.2%). The increase in obesity in the population is a result of a nutritional and epidemiological transition experienced by different countries, including Brazil.^([@R22])^ Although anemia was found predominantly in underweight children, it was also found in overweight children. A lack of vitamins and minerals is commonly observed in both of these conditions. The diet of obese or overweight children is often characterized by excessive calories and insufficient intake of vitamins and minerals. In children with some degree of malnutrition, in addition to the mineral deficiency, there is also a calorie and protein deficiency. Osório et al. also found a higher prevalence of anemia in malnourished children aged between 6 and 59 months in Pernambuco.^([@R5])^ However, other studies, such as that of Neumann et al., which focused on under three-year-old children in southern Brazil, found no association.^([@R4])^

Anemia was, to a certain extent, associated with the reason for hospitalization. Anemia was most common in children suffering from respiratory tract diseases, followed by gastrointestinal diseases, those with other types of infection and finally non-infectious diseases. Respiratory tract diseases possibly require greater utilization of hemoglobin both due to the infectious process and increased respiratory effort, whereas gastrointestinal diseases lead to blood loss in feces and vomit or by degradation by parasites. Lima et al. reported a higher prevalence of anemia in infants with infectious diarrhea.^([@R23])^ The diseases occurring in the study population raised questions about functional iron deficiency, which occurs when sufficient iron is not released to meet the normal hemoglobinization of red blood cells, either because of an absence of iron stores (iron-deficiency anemia) or by blocking iron homeostasis (anemia of inflammation). Anemia of inflammation, which is common in cases of inflammation and/ or infection, is an immune-mediated process in which cytokines and cells of the reticuloendothelial system induce changes that interfere in different erythropoiesis pathways leading to anemia.^([@R24])^ Therefore, patients with anemia of inflammation may present associated iron deficiency, just as patients with iron deficiency anemia may develop anemia of inflammation.

The relationship between anemia and infection remains controversial. Anemia is an immunosuppressive factor, as mild iron deficiency protects against infection, because hypoferremia reduces the amount of iron available for use by pathogens.^([@R25])^ In contrast, humoral immunity is not affected by iron deficiency, and the significance of hypoferremia in the growth of microorganisms is doubtful.^([@R26])^ However, it is generally accepted that excess or deficiency of iron result in changes in immune response.^([@R27])^

The role of anemia on the average time of hospitalization is difficult to interpret, given that the length of stay may be related to other factors such as the severity of the clinical condition, different medical procedures and care, and random errors.^([@R28])^ In this study, although the length of the hospital stay was not significantly associated with anemia, it is possible that anemia resulting from nutritional and immunological conditions aggravated the primary disease, thereby prolonging hospitalization.

The high prevalence of anemia reported here suggests that this condition may be an associated causal factor, especially as the length of hospitalization was generally short, and the patient was probably anemic at the time of admission. Our results emphasize the importance of evaluating the overall nutritional status of patients, especially children, because of their greater susceptibility. They also suggest that greater preventive nutritional education during consultations and/or hospitalizations and more attention from professionals at the primary care level, are needed to prevent nutritional deficiencies. This study makes us think about the necessity of expanding coverage of supplementation programs in order to help a larger number of at-risk individuals.
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